The subjective well-being approach to environmental valuation is applied to analyze the valuation of greenhouse gas emissions. Dimensions like population and income are then incorporated into the valuation to get the fairness-adjusted marginal value of emissions. The results indicate that the industrialized countries have high willingness-to-pay to reduce emissions with the United States and Japan reporting the largest figures. Developing countries differ in their valuations, albeit they are not subject to the mandatory reductions of emissions, but still the results indicate that poor countries like China and India indicate willingness to pay whereas Brazil and Mexico indicate willingness to accept payments to reduce emissions. The high willingness-to-pay indicated by the industrialized countries does not imply that they can pay off the developing countries to continue emitting as usual. However, the different modes of willingness-to-pay and willingness-to-accept of countries indicate possibilities toward the formation of an inter-group payments and transfers system to allow societies to contribute toward global reduction emissions reduction. Part of the payments from the industrial countries could be used to support global programs to change the patterns of production and consumption and accelerate the development of cleaner technologies.
INTRODUCTION

In its fourth assessment report published in 2007, the Intergovernmental Panel on Climate Change
(IPCC) said that indicators are unquestionably pointing that man-made climate change is taking place today. Evidence is strong that the cause of man-made climate change is the accumulation of greenhouse gases originating from the ever-expanding human activities that require increasing amounts of fossil fuel burning, greater deforestation and land conversion for agriculture, and so on. Policy action is urgent. The required effort is to reduce total emissions by 80 percent of their 1990 levels by 2050. If the task is not taken very soon and if the mitigation and adaptation measures are limited, the changes in sea levels, wind and rain patterns, and so on, would mean severe adverse impacts on the well-being of humans and ecosystems. The IPCC Synthesis Report noted that the " [c] hoices about the scale and timing of [greenhouse gases] mitigation involve balancing the economic costs of more rapid emission reductions now against the corresponding medium-term and long-term climate risks of delay" (IPCC 2007: 67) .
Understanding what and how policies can influence behavior is a crucial step towards addressing the problem at hand. In the political economy of man-made climate change, the preferred option is to put monetary values on greenhouse gases in order that prices can reconfigure the incentive structures and, in turn, see changes in human behavior in favor of emissions reduction.
Environmental valuation is now a considerably advanced field. Johansson (1987) and Freeman (1993) are two important references in the area. However, there are questions on what meaning to attach to the imputed values especially when ordinary people are actually powerless to change the situation due to the dominance of corporate power, political expediency, and class interests. On a practical level, the primary obstacle with environmental method is its reliance on some surrogate or pseudo market setup and a hypothetical good for trade.
An emerging alternative technique is the subjective well-being (SWB) approach to environmental valuation. It uses the correlation between SWB and an external variable (in this case, greenhouse gases) and that between SWB and income to obtain the marginal rate of substitution between the external variable and income, which is taken as a monetary valuation of the external variable. In so doing, this procedure circumvents the need to use a surrogate or pseudo market or even a hypothetical good in the valuation exercise. But, more importantly, what it obtains is a monetary valuation that is not only associated with outcomes that the person cares about also a result that could help make policy making less complicated for all concerned.
Earlier studies using the SWB approach find that the value of improving air quality is $750 per capita for nitrogen dioxide and $1,400 per capita for lead (Welsch 2007) , between $250 and $440 per capita for sulfur dioxide (Luechinger 2009) , and $895 per capita for particulate matter (Levinson 2009 ). The SWP approach has also been applied to other environment-related issues like airport noise (van Praag and Baarsma 2005) , climate (Frijters and van Praag 1998) , drought (Carroll et al. 2009 ), flooding (Luechinger and Raschky 2009) , and temperature (Ferreira and Moro 2010) . The literature has recently been surveyed by Welsch and Kühling (2009) and . Di Tella and MacCulloch (2006) , Kahneman and Krueger (2006) , and Frey and Stutzer (2010) survey the SWB researches in economics.
Here, the SWB approach is applied to the valuation of greenhouse gas emissions. The paper also incorporates self-reported attitudes toward "local air quality" and "global greenhouse effects" to proxy for: (i) unobserved personal characteristics that may influence environmental preferences (c.f., Ferrer-i-Carbonell and Gowdy 2007), (ii) belief systems toward man-made climate change that may influence the reported self-assessments of well-being (c.f., Alesina et al. 2004), and (iii) focusing illusion effects that may occur when people are asked to direct attention to a situation or scenario such as "local air quality" and "global greenhouse effects" (c.f., Schkade and Kahneman 1998) . In addition, the paper improves the valuation exercise by incorporating weights like shares of emissions, populations, and incomes. Part 2 presents the conceptual framework then the empirical strategy. Part 3 contains the results, including the implications of the findings. The last part concludes the discussion.
SWB APPROACH TO ENVIRONMENTAL VALUATION
Conceptual Framework
Subjective well-being (SWB) refers to reported self-assessment of well-being. Such assessment is considered equivalent to the person-experienced utility (Kahneman and Sugden 2005) . In fact, it approximates the true utility of the person (Di Tella and MacCulloch 2006) . Moreover, SWB encompasses an affective component and an evaluative component. The former covers the positive and negative feelings of the person. Studies find that affect is measurable (Watson et al. 1988) , and the ratio of positive to negative affect is deemed as a measure of overall hedonic wellbeing (Larsen and Prizmic 2008) . The information collected in large-scale surveys like the World Values Survey is happiness. The evaluative component is a self-appraisal of the life of a person. It considers achievements relative to aspirations across relevant life domains. Like affect, studies suggest that life satisfaction is measurable (Cantril 1965; .
1 The information collected in large-scale surveys like the World Values Survey is life satisfaction.
The aforementioned components are known to be separable from each other, yet each one is at least moderately correlated to the other (Diener 1984; Lucas et al. 1996; Diener and Emmons 1 Happiness and life satisfaction are the common measures used in SWB studies. Andrews and Robinson (1991) discuss various measures of well-being.
1984
). There is high validation of self-reports as supported by studies showing that happy people smile more (Ekman et al. 1990; Pavot et al. 1991) , are rated happy by spouses, relatives, and friends (Costa and McRae 1988; Sandvik et al. 1993) , and succeed more in many life domains (Lyubomirsky et al. 2005) . So what is measured is actually being measured with considerable success. Recent studies also find that the measures of positive affect, negative affect, and life satisfaction correlate differently with variables such as income (Diener et al. 2010; Kahneman and Deaton 2010; Helliwell et al. 2010) . Thus the findings tell us that one component of SWB may be more appropriate in some cases and another component in others. In any case, the SWB components have enough reliability using, say, test-retest approach, albeit the self-reports can change in time or in response to new conditions (Larsen and Frederickson 1999; Kahneman and Krueger 2006) .
The true SWB (SWB*), however, remains latent because it remains internal to the person. As such, a SWB function is regarded as a positive monotonic transformation of SWB*; or formally,
SWB = h[U( · )]
, where U( · ) is SWB* and SWB is the self-report of well-being. Personality traits (Costa and McCrae 1980) and genes (Lykken 1999) can affect well-being, while the environment and new conditions can transform the nature of experience (Diener and Suh 1999; Inglehart and Klingemann 2000; Diener and Seligman 2004) . But Helliwell (2006) The signs of h Xi depend on the indicators in X.
The marginal value is a "pure" monetary valuation of the environmental object of interest. Other dimensions can be incorporated to get a more appropriate metric, which is here called "fairness- , D is a domain i, Π is the product operator, and i = 1…n. The domain needs to be measurable so it can be included in the analysis. As such, FMV > 0 is the fairness-adjusted willingness-to-accept for reduce environmental goods; FMV < 0 is the fairness-adjusted willingness-to-pay for reduced environmental bads.
Method and Data
The structural model for greenhouse gases can be specified as follows Environmental attitude: Two attitudinal questions are included in the regression. The first item is attitude towards local level air quality in response to the question: "I am going to read out a list of environmental problems facing many communities. Please, tell me how serious you consider each one to be here in your own community (emphasis mine): poor air quality?" The person responds using a 4-point scale with 1 for "very serious," 2 for "somewhat serious," 3 for "not very serious," and 4 for "not serious at all." The second item concerns attitude towards global-level air quality: "Now let's consider environmental problems in the world as a whole. Please, tell me how serious you consider each of the following to be for the world as a whole (emphasis mine): global warming or the greenhouse effect?" The person likewise responds using a 4-point scale with 1 for "very serious," 2 for "somewhat serious," 3 for "not very serious," and 4 for "not serious at all."
Both "very serious" and "somewhat serious" are recoded as 1, whereas both "not very serious"
and "not serious at all" are recoded as 0. In effect, the data are transformed into two yes-no items in the regression. Attitudinal data are available only in the World Values Survey 2005.
Thirty one countries (or G-31) have data for air quality attitudes and greenhouse gas emissions:
Argentina, Australia, Brazil, Burkina Faso, Chile, China, Ethiopia, Finland, Germany, Ghana, India, Indonesia, Italy, Japan, Mali, Mexico Norway, Peru, Poland, Romania, Rwanda, South Korea, Sweden, Switzerland, Thailand, Ukraine, United States, Uruguay, Vietnam, and Zambia.
The countries are grouped into four to control for geography and culture-related differences:
Europe and United States (10 countries), Asia and Pacific (9 countries), Latin America (6 countries), and Sub-Sahara Africa (6 countries). Regressions are performed for each region.
The ordered probit procedure is performed on cross-section pooled data given that reported wellbeing is an ordinal ranking. Simply put, people can rank what they consider as the best, second best, and so on, in a similar way regardless of personality traits, genes, and environmental setting, etc. That is, the amount that constitutes the "best", "second best", and so on, for person A need not be exactly the same magnitude for person B yet the sequence of ranking is the same for both persons. Country-dummies are used to control for idiosyncrasies within the country groupings.
Person-level fixed effects are not possible with the pooled cross-section data. The residual term becomes a catch-all item. The size of the random error is not expected to distort the correlations or undermine the reliability between the right-hand side indicators and SWB.
The correlation between a right-hand side indicator and the dependent variable indicates the overall direction of relationship. There is, of course, the issue of causality. In terms of the model specification above, causality is not a concern with regards to the "external" indicators, namely:
GDP per capita income (c.f., Easterlin 1974) and greenhouse gas emissions. There is perhaps a concern with the environmental attitudinal indicators. Do people who are more worried about the environment report lower well-being; or, are people with low well-being more worried about the environment? 3 Once again, the pooled cross-sectional dataset (with the data being "unique" to the World Values Survey 2005) does not allow correction for possible endogeneity of environmental attitudes.
FINDINGS
Descriptive Analysis
The respective shares of each country to the regional totals and the G-31 totals of greenhouse gas emissions are show in Table 1 . The figures show that, in the mid-2000s, at least 50% of the G-31 total emissions came from the United States (29.1%) and China (25.1%). Another eight countries contribute about 30% of G-31 total emissions: India (9.5%), Japan (5.8%), Germany (4.1%), Brazil (4.1%), Mexico (2.4%), Indonesia (2.4%), Italy (2.3%), and Australia (2.3%). Poland (1.6%), Ukraine (1.8%), Argentina (1.3%), and Thailand (1.4%) added another 6% to the G-31 total emissions. Crucial to the success of reducing global emissions is collective action among the identified countries. Because of the magnitude of their emissions and their productive capacities, the United States and China are expected to lead such efforts. 4 Without them at the helm of global initiatives, the breakdown of efforts toward reducing greenhouse gas emissions is easy to foresee.
[Insert Table 1 Another position exploits relative population size dimension to global emissions. Take Australia, a major emitter and relatively well-off but definitely not a highly populated country, as example.
6
Argentina also shares similar characteristics, albeit it is less well-off than Australia. Using data in Naturally, there are unending arguments and counter-arguments. The determination of a solution is made difficult to reach in the process. Population and income are important dimensions, but countries must transcend these issues to reach a common ground for global collective action.
Regression Analysis
Details of the regressions are available in the Appendix. The results should be treated with caution given the limitations of the dataset. Suffice to say, though, that regression results on the standard correlates of well-being are consistent with the extant literature. They are discussed in turn.
The age of the person is positively correlated with subjective well-being (SWB), and it exhibits a quadratic relationship with SWB. This finding holds across groupings, although the magnitudes of the coefficients vary from 0.0001 for the Sub-Sahara Africa group to 0.0002 for the Latin America and the Asia and Pacific groups to 0.0004 for the Europe and United States group. So the minimum point for age varies with Asians at 40 years old, African at (an average of) 46 years old, Latinos at 48 years old, and Europeans-Americans at (an average of) 53 years old. Therefore, all things the same, younger Asians report lower well-being than the rest whereas older Asians report higher well-being than the rest.
The well-being of males is on average lower than that of females but not so in both Latin America and Sub-Sahara Africa groups. Perhaps, a Latino factor explains the Latin America findings. The result for Africans is just saying that gender is not a factor to the variations in well-being. Unemployment is negatively correlated with SWB as expected. The same finding holds across the regions except in Sub-Sahara Africa, where the results are inconclusive. It is possible that social comparison is behind the result, especially when public discussions stress that Sub-Sahara Africa has been left behind on the economic development ladder.
Lastly, results for the income classes are consistent with the expectation that the upper income people have, on average, higher well-being than the middle income people; and, in turn, middle income people also have, on average, higher well-being than the low income people. This finding is consistent across the four regions. The next set of results is on the attitude questions. The correlation of "local air quality" attitude with SWB is not statistically significant except for the Latin American group, where it is found to be negatively correlated with SWB. Second, the correlation of "global air quality" attitude with SWB is positively and statistically significant, albeit the results for the Latin America group are only weakly significant (if a p-value of 0.12 is acceptable). These findings are counterintuitive to some extent because the conventional view is that attitudes toward local and global air quality should be negatively correlated with well-being if people are concerned about the environment.
Do the results suggest that people do not care about greenhouse gas emissions?
Upon closer inspection, the results may indicate some detachment to the environmental issues. other transportation and increased demand for cereals, dairy, and meat products, and so on. Such transformation in consumption patterns explain why nitrous oxide and methane emissions in both groups of countries emerge as environmental goods. Interestingly, nitrous oxide and methane are environmental bads in Sub-Sahara Africa. Perhaps, this finding reflects the adverse changes in the surroundings due to drought and others that have damaged both agriculture and grazing lands. In other words, it is the contraction of industrial activities and agricultural production in Sub-Sahara
Africa that explains why the emissions turn out to be environmental bads.
Fair marginal value of greenhouse gas emissions
The fairness-adjusted marginal value (FMV) of the greenhouse gas emission is calculated next using population, income, and volume of emissions as weights for the adjustments (see Table 2 ).
Incorporating the three domains means
, where
is the income share of country i to the G-31 total income, is the greenhouse gas (Z) share of country i to G-31 total CO 2 equivalent emissions. Recall that FMV > 0 is the willingness-to-accept for reduced emissions and FMV < 0 is the willingness-to-pay for reduced emissions. Table 3 indicates that the Europe and United States group is willing to pay for reduced emissions.
[Insert Tables 3 Here]
The same can be said for the Asia and Pacific group, at least for carbon dioxide and for other greenhouse gases. Latin America and Sub-Sahara Africa groups are willing to accept payments for reduced emissions.
Moreover, all the industrialized countries in Table 3 indicate large willingness-to-pay for reduced emissions. The figures for the United States ($1,301) are particularly interesting result because they are contrary to the purported opposition for emissions charges. Other great emitters among the industrialized countries likewise indicate large willingness-to-pay for reduced emissions. In fact, the figures for Norway ($51), Switzerland ($49), Sweden ($40), and Finland ($19) are interesting because they appear to be within the range of emission charges in those countries (c.f., Baranzini et al. 2000) . The figures for Australia reveal that people are actually willing to pay a reasonable amount of money to reduce emissions.
The variation in the amounts is expected given the differences in circumstances. Poland, Romania, and Ukraine, for example, have relatively low willingness-to-pay to reduce emissions not because there is less concern for man-made climate change but rather because the dissolution of the Soviet Union in 1991 meant that the former Eastern bloc countries are now below the emission target baselines as defined in the Kyoto protocol. Regardless of the differences in attributes, and given that the values in Table 3 are derived from a valuation exercise that utilized reported well-beings, it can be safely asserted that levying emissions charges or introducing emissions payments will not be economically and politically objectionable. Put another way, there seems to be disconnect between the large willingness-to-pay for reduced emissions at the person-level and the reluctance of governments to introduce emission charges. Thus existing policies in Europe can be considered to be heading in the right direction if emissions charges are in line with the willingness-to-pay for reduced emissions. If the charges are actually higher than willingness-to-pay, the differential is indication that there is enough room to fine tune policy so as to bring charges in line with behavior or preferences.
Even if mandatory reduction of emissions is not required from developing countries, the valuation exercise still reveals that there is actually readiness to undertake emission reductions. In fact, the payments to do so are quite reasonable. This finding indicates that there is openness to participate in global efforts to address the cause of man-made climate change. Indeed, even if the amounts for Sub-Sahara Africa are very small, they still do not imply that Africans care the least about emissions reduction or they are not disturbed about man-made climate change compared to other developing countries. The fact that the fairness-adjusted marginal values are still positive despite the valuation being done on very poor countries is enough indication that Africans care about the environment and would still participate in global initiatives to reduce emissions. What is perhaps needed is a system whereby revenues from emissions charges can be recycled in the developing countries to finance emission reductions, technology adoption, social adaptation, and similar initiatives to minimize the disruptions and impacts of man-made climate change.
Even so, the large willingness-to-pay of the industrialized countries does not actually suggest that it is alright to raise a fraction of the amounts, use the revenues to "payoff" the developing countries, and then keep on emitting the usual volume of greenhouse gases. Those with high capacity to pay should lead global efforts by demonstrating their commitment with payments for emissions. More importantly, a mechanism in the industrialized countries that parallels the setup suggested above for the developing countries is needed to support research and development, fund technology transfer and adaptation, and international assistance.
In the end, a vertically articulated mechanism of payments and transfers across regions can help break the impasse of the political economy of blame, which stresses that some countries are more responsible than others for man-made climate change and that others are not responsible for the problem. The point is that reducing global emissions should not be as difficult or as unappealing or as expensive as commonly portrayed in the public discourse.
The paper did not address the distributional impacts of introducing emission charges. Nonetheless, studies find that well-designed mechanisms for recycling revenues to help societies burdened with the resultant higher prices and to support production restructuring, technology development, etc., can offset distributional impacts associated with emissions charges (c.f., Boyce and Riddle 2007; Brenner et al. 2007) . Efforts need to progress from payment schemes to working out alternatives to the conventional modes of production and consumption and thus wean societies away from carbon-intensive activities. The presumption that emission charges are economically unfeasible and emissions reduction is politically unattractive is not clearly supported by the findings of this paper that draw on subjective well-being.
CONCLUSION
This paper applied the subjective well-being (SWB) approach to the valuation of greenhouse gas emissions. The approach is a useful alternative because it does not rely on a surrogate or pseudo market setup or even a hypothesized good in the valuation exercise. Some interesting insights were found in the study. First, carbon dioxide, nitrous oxide, methane, and other greenhouse gases are environmental bads in Europe and United States but are environmental goods in Latin America. In Asia and Pacific, carbon dioxide and other greenhouse gases are environmental bads but nitrous oxide and methane are environmental goods. The reverse pattern applies in Sub-Sahara Africa.
Second, the corresponding payment schemes for emissions reflect the perception of a society with a greenhouse gas. Where an emission is found as an environmental bad, the valuation reflects the willingness-to-pay for reduced emissions. Where an emission is found as an environmental good, the valuation reflects the willingness-to-accept for reduced emissions. More importantly, the amounts for reducing emissions are reasonable and, in fact, affordable across all societies covered in the paper.
Even if the developing countries are not subject to mandatory reductions in greenhouse gas emissions, the findings suggest that they are actually ready to participate in global initiatives to reduce emissions. As argued in the paper, the findings for the industrialized countries do not mean that they can simply put up a fraction of the amounts then use them to "payoff" the developing countries in order to continue with the usual volume of emissions. It was also argued that collective action can be facilitated through the creation of payment and transfers systems to assist countries not only in efforts at reducing emissions but also in shifting to less carbon-intensive activities and adaptation yet still make everyone better off in the end. The final message of the paper is that reducing global emissions is not as expensive or as publicly unattractive as often understood or argued by opponents. Perhaps what is pricey is political will. Definitions: 1. TGHG = total greenhouse gas (in millions CO 2 equivalent emissions); TPOP = total population (in millions); and GDPPC = gross domestic product per capita (in US$) Notes: 1. Negative notation means greenhouse gas emission is environmental bad; positive notation means greenhouse gas emission is environmental good. 2. Burkina Faso, Mali, and Rwanda do not have data for N 2 O, CH 4 and other greenhouse gases. Not enough information to generate "other" for Sub-Sahara Africa. 
APPENDIX
